Abstract We measured the hematocrit from greater flamingo chicks Phoenicopterus roseus over 4 years to test whether this blood parameter was related to the nutritional condition of chicks, as there are controversial results on whether hematocrit may be used as an index of body condition. We also tested whether hematocrit increased with chick age, as there would be an age-related increase of oxygen demand due to exercising. We found no evidences that hematocrit was related neither to the nutritional nor to the body condition of chicks. Hematocrit increased with chick age, which may be related to the increased requirements of chicks for oxygen delivery during development.
Introduction
The hematocrit, or packed red cell volume of blood (PCV), is affected by several factors such as season, molt status, migration, ambient temperature, etc. (Morton 1994; Dawson and Bortolotti 1997; Fair et al. 2007) . Because a deficient nutrition, especially with respect to protein, leads to anemia, and then to low PCV, this blood parameter has been used to assess body condition (e.g., Johnston and Bilstein 1990; Merilä and Svensson 1995; Sánchez-Guzmán et al. 2004) . Nevertheless, other studies found no relationship between PCV and body condition (e.g., Peterson 2002; Villegas et al. 2002) , which led some authors to question the usefulness of PCV as an index of body condition (Dawson and Bortolotti 1997; Cuervo et al. 2007 ).
Greater flamingos Phoenicopterus roseus breeding in southern Spain foraged in distant areas 130-400 km from a breeding lake and spent 4-6 days in foraging sites between consecutive visits to the breeding site to feed their chicks (Rendón-Martos et al. 2000; Amat et al. 2005) . Under these conditions, the chicks fasted a few days between consecutive feedings (Amat et al. 2007) . It has been shown that dehydration during fasting increases plasma cholesterol (Campbell et al. 1994) . Because young flamingos in southern Spain do not disperse from the natal site until late summer, they could suffer from dehydration if intervals between parental visits to feed them are long and ambient temperatures are high, and this may be accentuated in wetlands that dry out during summer before chick dispersal, as in the lake where we conducted our study. Dehydration may also be affected by ambient temperatures, PCV being higher when temperatures are warmer (Dawson and Bortolotti 1997) , what may be due to the loss of body water when heatstressed birds thermoregulate through evaporative cooling.greater flamingo chicks with higher levels of cholesterol were experiencing longer fasting, and were in lower body condition, than those with lower plasma cholesterol levels (Amat et al. 2007 ). Because hydration affects plasma volume, PCV could vary with hydration state (e.g., Vleck et al. 2000; Peterson 2002 ) and hence with plasma cholesterol. Accordingly, we would expect a positive relationship between PCV and cholesterol level in plasma if PCV is affected by body condition.
Greater flamingo chicks progressively start to exercise their muscles as they grow older, mainly by running and flapping, and when 11 weeks old they also start to perform short flights (Johnson 1992) . Therefore, because PCV increases with exercise, this blood parameter should increase with chick age (Gessaman et al. 1986; Puerta et al. 1989; 1992; Villegas et al. 2002) .
Here, we report measurements of PCV of greater flamingo chicks over four breeding seasons during which the chicks were not fed with the same frequency and received food of different quality (Amat et al. 2007 ). We used data collected simultaneously on body condition and on several plasma chemistry parameters, as well as on the feeding state of the chicks (Amat et al. 2007) , to test whether (1) PCV was related to the nutritional condition of flamingo chicks and whether (2) PCV increased with chick age. There is some previous information on hematological parameters of free-ranging greater flamingo chicks, but it is based on a limited number of samples collected during a single year and no control of fasting (Puerta et al. 1992 ).
Materials and methods
The study was conducted at Fuente de Piedra lake in southern Spain (36°06′ N, 4°45′ W). Starting in 1986, about 10% of greater flamingo chicks in the crèche have been captured every year in a single day during a drive for banding purposes. Every year, body measurements (body mass as well as bill, wing, and tarsus lengths) are recorded from every banded chick. From flamingo chicks that were banded in 1998-2001, we collected between 05:00 and 06:00 h (GMT) 1 ml of blood from the brachial or jugular veins in heparinized tubes. From these tubes, we transferred a small amount into microcapillary tubes for PCV determinations. The capillary tubes were sealed with plasticine at the bottom. Depending on year, the number of samples collected varied from 49 to 69.
PCV was recorded as red blood cell volume/[red blood cell volume+plasma volume] and expressed as percentage. The red blood cell and plasma volumes were measured on the capillaries with digital calipers to the nearest 0.01 mm under a magnification glass on three samples per bird after 8-min centrifugation at 11,500 rpm on a portable Bayer Diagnostic micro-hematocrit centrifuge, model M1101 (Bayer Diagnostic, München, Germany). We averaged these measurements for each bird.
Four categories of crop profiles were considered: from 0 when the crop profile was slightly concave (i.e., empty) to 3 when the crop profile was turgid (i.e., full of food) (see Amat et al. 2007 ). The crop profiles were indicative of the feeding state of chicks, i.e., whether they were fed the night before the samples were collected or they were fasting. We used the first principal axis (PC1) of a principal component analysis on several plasma chemistry variables (from Amat et al. 2007 ) to obtain a measure of the food quality received by the chicks, as PC1 was positively associated with glucose, triglycerides, uric acid, total proteins, calcium, phosphorus, and magnesium (Amat et al. 2007) . Body condition was estimated as the residuals of an orthogonal regression of logtransformed body masses on log-transformed tarsus lengths (Green 2001) . PCV values were arcsine transformed to approximate a normal distribution and were used in statistical analysis, although untransformed results are presented for comparative purposes. We used condition- . The crop profiles were allocated to four categories, which varied from concave (crop profile 0) to turgid (crop profile 3) depending on the amount of food that chicks had in their crops. Numbers beside dots represent sample sizes related variables (PC1, cholesterol, body condition index) and chick age (tarsus length) as covariates in an analysis of variance (ANOVA) to test for differences among years and crop profile categories (factors) in PCV. Fig. 1a; ANOVA F 3, 136 =3 .45, P= 0.019), but not with crop profile of chicks ( Fig. 1b; F 3 
Results

PCV varied among years (
Discussion
The mean PCV value measured during our study on greater flamingo chicks (33.7%±SD 4.1) was within the range previously reported in another study for free-living and captive flamingo chicks (30−43%) (Puerta et al. 1992 ). These authors found differences between free-living and captive chicks, and attributed them to age differences between both groups. Similarly, we found that PCV increased with chick age, which may be related to the increased requirements of chicks for oxygen delivery during development (see "Introduction"). We also found annual variations in PCV, which may have been related to interannual variations in predation pressure by yellowlegged gulls Larus michahellis on chicks, since during harassment by gulls, flamingo chicks in crèches may run over considerable distances (personal observation), and then the demands for oxygen, and hence PCV, may increase. The results from this study indicate that PCV is of little value to detect intraspecific differences in the nutritional and body conditions of greater flamingo chicks. Even the yearly differences cannot be explained by annual variations in food quality and body condition of chicks, since these were lower in 1998 than in 1999-2001 (Amat et al. 2007 ), but in 1998 mean PCV was not particularly low (Fig. 1) . Similarly, Perry et al. (1986) found that PCV was not affected by diet quality in canvasbacks Aythya valisineria. Although it has been found that PCV increased with the length of fast (Vleck et al. 2000) , we did not find evidence that fasting during a few days affected PCV in flamingo chicks, as this blood parameter was not affected by the crop profiles of chicks. It may be that the fasting periods experienced by flamingo chicks are not so severe as to induce an increase in PCV.
Because PCV is a rather plastic parameter, it may be difficult to control for all variables that potentially may affect it to ascertain whether there is some relationship between PCV and body condition (Peterson 2002; Fair et al. 2007 ).
